The composition and content of individual phenolic compounds in various fruit wines and overall antioxidant properties of these fruit wines were studied. Phenolic compounds were separated by reverse phase (RP) HPLC techniques, and their content was determined by means of mass spectrometer (MS) with triple quadrupole (TQ) analyser, which recorded specific precursor-product transitions. Antioxidant activity was monitored by the following spectrophotometric methods: DPPH, FRAP and Folin-Ciocalteu assay, respectively. Four types of berries (raspberry, blackberry, chokeberry and blueberry), one type of pome (apple) and one type of stone fruit (cherries) were used for the production of fruit wines. Corresponding fruit wines were produced by microvinification with or without adding sugar into the must before fermentation. Increase in alcohol level was responsible for the increased content of phenolic compounds in fruit wine due to improved extraction conditions. Produced fruit wines were preserved by adding SO 2 which interferes with the determination of antioxidant activity of phenolic compounds. In this case, the development of a correlation method based on FRAP assay was introduced. Fruit wines are a rich source of substances which show beneficial effects on human health. Depending on the fruit type, different antioxidant compounds were predominant in wine samples.
Fruits and vegetables are a rich source of compounds exhibiting beneficial effects on human health. One of the most interesting compounds for researchers today are dietary polyphenols [1] . The diet with high intake of food rich in phenolic compounds is associated with a lower risk of heart diseases. It can be seen from the fact that phenolic compounds slow down the progression of atherosclerosis by protecting low density lipoproteins (LDL) from oxidation [2] . Wine is a rich source of compounds which exhibit beneficial effects on human health, with polyphenols as the most important. Active ingredients from grape seed, procyanidins and proanthocyanidins, are used in medicinal products for the treatment of circulatory disorders such as capillary fragility and microangiopathy of the retina. Procyanidins and proanthocyanidins showed antioxidant plasma activity, reduction of platelet aggregation and increase in the resistance of healthy cells to toxicants and carcinogenic agents [3] . The latest studies on biological activity have focused mainly on wines made Correspondence: U.D. Čakar, University of Belgrade, Faculty of Pharmacy, Vojvode Stepe 450, 11000 Belgrade, Serbia. E-mail: urosc@pharmacy.bg.ac.rs; uroslion@gmail.com Paper received: 22 July, 2015 Paper accepted: 24 December, 2015 from red grape varieties and particularly emphasized trans-resveratrol [4] .
It is well known that wine can be made from various types of fruit. There are just a few papers reporting on biological activity of wine made from fruit. While it is true that fruit wines are being increasingly consumed, they are underestimated by scientific research for no valid reason. A couple of studies have shown that fruit wines are a rich source of phenolic compounds capable of demonstrating antioxidant properties in vivo [5, 6] and significantly decreasing the risk of cardiovascular diseases [7] .
In the production process of berry and fruit wines, pressed juice is obtained from apples, pears, cherries, plums, peaches, red currants, gooseberries, bilberries, cranberries, raspberries, hip berries and rhubarb. Industrial production of berry and fruit wines exists in many countries. A well-known product is apple wine (cider) which is common in France, the United Kingdom and the United States. Besides cider, pear wine known as ''poire'' is also produced in France [8] . South Korea has a long tradition of making wine from raspberries [9, 10] and plums [11] . The process of berry and fruit wine-making is the same as making wine from grapes. In general, berry or fruit mash is first pressed and then the pressed juice undergoes fermentation [5] . The fact which encourages producers of fruit wines is that global annual fruit production in 1996 amounted to 469 million t and it continues to grow every year at the average rate of 1.6% [12] .
Antioxidant properties of commercial fruit wines have been investigated in recent times. The wines in these studies were made mostly from just a few kinds of fruit. The aim of our study was to produce wine from different kinds of fruit in the controlled conditions of microvinification and to determine physicochemical parameters, antioxidant properties and quantitative content of specific phenolic compounds.
MATERIALS AND METHODS

Plant material
Raspberry fruit (Rubus idaeus), cultivar Meeker, was obtained from commercial orchards in the region of Valjevo, Serbia. Blackberry fruit (Rubus sp.), cultivar Čačak Thornless, was obtained from commercial orchards in the region of Bojnik, Serbia. Black chokeberry fruit (Aronia melanocarpa, Heynh.) was obtained from commercial orchards in the region of Suvobor Mountain, Serbia. Apple fruit (Malus domestica, Borkh.), cultivar Jonagold, and sour cherry (Prunus cerasus L.), cultivar Čačanski rubin, was obtained from commercial orchards in the region of Grocka, Serbia. Wild blueberry fruit (Vaccinium myrtilus) was obtained from the region of mountain Durmitor, Montenegro.
Vinification
Wines were made through microvinification from two kinds of bramble fruit (raspberry and blackberry), two kinds of berry fruit (blueberry and black chokeberry), one kind of pomaceous fruit (apple) and one kind of fruit from the drupe family (sour cherry). The fruit was picked in 2013, in the state of full technological maturity and phytosanitary health of 100%. 30 kg of each fruit was used in microvinification during 2013. Before fermentation, sour cherry was processed by two techniques. In the first method, the pits were removed from the fruit before it was fragmented, while in the second method, the fruit was fragmented together with the pits but without cracking them. Brambles, berries, cherries and apples were fragmented and, as with some other authors [13] , K 2 S 2 O 5 was added in the must to inhibit growth of unwanted bacterial populations during fermentation. 10 g of potassium metabisulfite (K 2 S 2 O 5 )/100 kg was added to the obtained pomace. Subsequently, the pomace was inoculated with the pure strain of selected wine yeast Lievito Secco (Enartis, Italy) at the dose of 20 g/100 kg. This is how the control samples were prepared. Another sequence of experiments was performed using the fruit processed in the same way but with sugarsucrose (Šajkaška, Serbia) added directly to the pomace in order to increase total soluble solids in the must up to 20.5° Brix. Adding this amount of sugar before fermentation was intended to achieve alcohol content of 11% in the end product. Alcohol fermentation of each investigated fruit pomace was carried out at room temperature (20 °C) over the next 7 to 10 days. While undergoing fermentation, the pomace was regularly stirred twice a day. Once the fermentation was completed, young wine was separated by straining without pressure. Wine yield was from 45 to 60% for raspberry, blackberry, blueberry and black chokeberry, while it was 50% for the cherry and around 60% for the apple. After one month, the wine was racked off the sediment for the first time and the racking was repeated the following month. The wines were kept at 8 °C during the next six months and after that time all analyses were performed. The wines made that way were further stabilized by keeping them in a cold place. Once stabilized, the wine samples were prepared for analysis.
Physicochemical characterization of wine samples
A microprocessor-based pH/mV/°C pH 212 (Hanna instruments, Woonsocket, RI, USA) was used for pH determination. Total titratable acidity (TTA) of fruit wine samples was determined by titrating 25 mL of wine sample with 0.25 M of NaOH solution using a pH meter and phenolphthalein as an indicator of titration endpoint. TTA results were expressed in g/L of malic acid. Total soluble solids (TTS) were measured in the must by using the refractometer PAL-87S (Atago, Tokyo, Japan) and the results were expressed in °Brix. Alcohol concentration was determined by using an alcohol density meter DMA 35 (Anton Paar, Graz, Austria) after distillation of wine samples. From the obtained density of alcoholic distillate, strength by volume (vol.%) was obtained by using 20 °C/20 °C tables [14] .
Standards and reagents
All chemicals and reagents were of analytical grade. Standards of kaempferol, sinapic acid, gallic acid, chlorogenic acid, vanillic acid, caffeic acid and p-coumaric acid were purchased from Sigma Aldrich (Steinheim, Germany). Standards of epicatechin, protocatechuic acid, p-hydroxybenzoic acid, catechin, rutin, ellagic acid, naringenin and quercetin were purchased from Fluka AG (Buch, Switzerland). The other compounds 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,4,6-tripyridyl-s--triazine (TPTZ), acetonitrile (HPLC grade) were supplied by Sigma Aldrich (Steinheim, Germany). Methanol, which was used to make solutions from standards, was purchased from Merck (Darmstadt, Germany). Folin-Ciocalteu reagent and formic acid were purchased from Merck (Darmstadt, Germany). Ultrapure water (TKA Germany MicroPure water purification system, 0.055 μS/cm) was used to prepare standard solutions and dilutions. The Premium Syringe Filters (Captiva) Regenerated Cellulose 0.45 μm, 15 mm were purchased from Agilent Technologies (Santa Clara, CA, USA).
HPLC analysis
Wine samples were first filtered through premium syringe filter (Captiva) regenerated cellulose 0.45 µm, 15 mm (Agilent Technologies). The analysis of phenolic compounds in wine was carried out using a Waters Acquity UPLC H-Class (WAT-176015007) (Milford, MA, USA) equipped with quaternary pump (Waters Quaternary Solvent Manager), injector (Waters Sample Manager-FTN (Flow Through Needle)), column compartment with ZORBAX Eclipse XDB C18 column (150 mm×4.6 mm; 5 µm), Waters 2998 PDA (Photodiode Array) detector and interfaced to mass detector (Waters TQ (Tandem Quadrupole, WAT-176001263)). Column temperature was maintained at 25 °C and mobile phase flow rate at 0.7 mL/min. Elution program which was used described previously by Gođevac et al. [15] . The mobile phase consisted of deionized water containing 0.2 vol.% formic acid (solvent A) and acetonitrile (solvent B), with a gradient from 5 to 16% for solvent B over the first 20 min, then to 40% B for 8 min, to 70% B for 4 min, to 98% B for 4 min, then held at 98% B for 9 min, then to 5% B for 1 min and held at 5% B for 9 min for reconditioning of the column. Injection volume was 10 µL. The PDA detector measured absorbance in the range from 190 to 600 nm.
Triple quadrupole-mass spectrometry (TQ-MS)/mass spectrometry-multiple reaction monitoring (MS-MRM)
Identification of phenolic compounds was conducted by comparison of retention times (t R ), ultraviolet maxima (λ max ) and mass spectra of phenolic compound standards and samples. Quantification was made by the method of external standards, importing the obtained area of recorded samples of fruit wine into calibration curves of standards. Methanolic solutions of phenolic compound standards were made and their concentrations were 0.0001, 0.001, 0.01, 0.1 and 1 mg/mL, with chromatograms also recorded by injection of 1, 2, 4, 6, 8 and 10 μL to each compound. By integrating the areas of obtained peaks, we got the values which were used to make calibration curves for phenolic compound standards. Conditions for quantification of phenolic compounds with Waters Acquity UPLC H-Class device, which involves ionization modes, cone voltages, collision energies and MRM (multiple reaction monitoring) transitions, were obtained by direct injection of methanolic solutions of phenolic standards into the mass spectrometer using the IntelliStart program (Waters, Milford, MA, USA; 2005) shown in Table 1 
FRAP test and DPPH method
Ferric reducing activity of plasma (FRAP) is a simple and direct test of measuring antioxidant activity. This method was used for detecting antioxidant activity in fruit wine samples [16] . The results were expressed in mmol/L Fe 2+ . All samples were measured in triplicate. There is another method available for testing the ability of compounds to act as free radical scavengers or hydrogen donors [17, 18] . This method involves a stable radical molecule 2,2-diphenyl-1-picrylhydrazyl (DPPH). The results are expressed as mean scavenging concentration, IC 50 (inhibition concentration), the value representing the amount of antioxidant necessary to decrease DPPH radical concentration by 50%. Prior to testing, wine samples were diluted with water in concentrations from 1:25 to 1:140. Experimental findings have demonstrated that this range allows for linearity between absorbance and concentration. Samples showing weaker antioxidant activity, such as apple wine, were diluted with the ratio from 4:1 to 1:1 (wine:water). Each sample was prepared in 5 dilutions, in triplicates. IC 50 
I(%)
where A blank only relates to absorbance reading of DPPH with water, while A sample stands for absorbance reading of DPPH after reaction with the tested wine sample. The results were expressed as reciprocal value I(%) multiplied by 100.
Total phenolic content
Total phenolic content in fruit wine samples was determined by Folin-Ciocalteu (FC) method using gallic acid as a standard [19] . Before the analysis, fruit wine samples were filtered through the membrane filter (0.45 μm), then diluted 20 times with distilled water. After 2 h of incubation in the dark at room temperature, the absorbance of standards and fruit wine samples was measured at 740 nm on UV-Vis spectrophotometer Evolution 300, Thermo Scientific (Waltham, MA, USA). All samples were measured in triplicate. The results were expressed in mg/L of gallic acid equivalents (mg GAE/L).
Total antioxidant activity corrected by the amount of SO 2 present in the wines
For this purpose, a sequence of dilutions with increasing free SO 2 concentration was made (from 10 to 25 mg/L). After that, the amount of 0.08 g of tartaric acid was dissolved in 1 L of distilled water in order to ensure a pH value of 3.25 which was the average pH value for the tested wines. Then, K 2 S 2 O 5 was added in the amount necessary to provide free SO 2 concentration at the interval from 10 to 25 mg/L. Free SO 2 concentration was monitored by iodometric titration according to Ripper, both in model solutions and in fruit wine samples [20] . The absorbance of model solutions was read at 593 nm, the same as for FRAP test. 
Statistical analysis
The statistical analysis was performed using the software SPSS Statistic V22.0 (IBM, Chicago, IL, USA; 2014) for paired samples test and one-way ANOVA with Tukey post hoc test. Linear regression correlation analysis in Origin Pro 8 (OriginLab, Northampton, MA, USA; 2008) was used to test associations between variables. Table 2 presents the obtained results for total soluble solids (°Brix), pH value, total titratable acidity and alcohol (vol.%) in the analysed samples. 
RESULTS AND DISCUSSION
Results of physicochemical characterization of wine samples
Results of HPLC-TQ-MS/MS analysis
Antioxidant properties of many compounds found in plant material are proportional to the content of phenolic compounds. Antioxidants are substances present in low concentrations compared to biomolecules prone to oxidation such as DNA, proteins, lipids and carbohydrates. Their main role is to prevent free radical-induced damage of the cells [21] .
Phytochemicals are responsible for the antioxidant capacity of fruit wines and they include phenolic acids, anthocyanins and other flavonoid compounds [22] . Table 3 illustrates the phenolic content in the test samples. The results obtained from HPLC-TQ-MS/MS which were statistically analysed using parametric test are shown in Table 4 . Statistical significance was confirmed with 95% confidence interval for all wine samples (p ˂ 0.05) except for apple wine with and without added sugar (p = 0.073). Variables which were used in paired samples test were the results from Table 3 for wines with and without added sugar. Content of phenolic compounds presented in Table 3 depends on the sugar content in the analysed samples. Increased amount of sugar resulted in increased alcohol concentration in the produced fruit wine. As an extracting agent, alcohol contributes to higher phenolic content. The distribution of anthocyanins and polyphenolics is not uniform in fruit tissue. High content of anthocyanins and polyphenols is especially present in the skin [23] . This is because they act as photoprotective agents and attractants for seed dispersal [1] .
Procyanidins and anthocyanins are polyphenol subgroups which are present in high amounts in sour cherries and red berries. A noticeable content of colourless and pale yellow polyphenols was also observed, with marked biological activity [24] .
In the analysed samples, some compounds were present in all fruit wines while some were only present in certain fruit wines. The distribution of caffeic acid, chlorogenic acid, p-coumaric acid and vanillic acid is widespread in berry crops. Those compounds act as natural antioxidants. The structure and content of individual phenolics in berries influence total antioxidant capacity. One of the abovementioned phenolic acids, chlorogenic acid was detected in significant amounts in blueberries by authors Zheng and Wang [25] . The samples of blueberry wine are a rich source of chlorogenic acid which is in line with the literature [26] . Looking at the content of chlorogenic acid in the analysed samples, it was observed that it was present in higher amounts than all other compounds, until it was found in blackberry and raspberry wine. Presence of chlorogenic acid in apple wine samples produced from the Jonagold variety was confirmed by the analysis of the variety with the same name. [27] . Besides chlorogenic acid, blueberry wine stands out with the highest content of p-coumaric acid which was confirmed to be present in this fruit by Hakkinen et al. [28] . Similarly to some other authors Macheix et al. [29] , caffeic acid was detected in our fruit wine samples. In comparison with other samples, caffeic acid was present in the largest amounts in blueberry and chokeberry wine. Finnish scientists have shown that caffeic acid is also present in chokeberry and blueberry fruit [28] . The results of one study suggest that the content of caffeic acid depends on a sunexposure-dependent induction of caftaric acid hydrolysis [30] . Protocatechuic acid was present in the largest amounts in blueberry and chokeberry wine until it was found in apple and raspberry wine. Epicatechin and catechin were present in blueberry wine which is in line with their established presence in the fruit [31] . Rutin was found only in chokeberry wine. The analysed samples of cherry wine are a source of caffeic acid, chlorogenic acid and protocatechuic acid. The flavonoid naringenin was also found in the samples. Its content is shown in Table 3 and it is in line with the literature [32] . Epicatechin and vanillic acid were present in the largest amounts in cherry wine, where catechin was also found. The presence of these compounds in the examined wine was also confirmed by cherry analysis carried out by Spanish authors [31] . Catechin and epicatechin were also determined in blackberry, raspberry and apple wine, their presence in corresponding fruits was also confirmed by authors [33] . Blackberry and raspberry wine, according to the data from Table 3 , are a rich source of ellagic acid which provides long-term health benefits [34] . The content of ellagic acid in blackberry wine with and w/o sugar was predominant in comparison with other analysed samples, which was confirmed by other authors as well [35] . Literature data shows that ellagic acid was also found in raspberries [28] . Ellagic acid was not found in apple or cherry wine. Fruit phenolic acids such as caffeic acid, p-coumaric acid and chlorogenic acid showed activity in inhibiting human LDL oxidation in vitro [36] . Analysis of fruit wine samples showed that they were also a source of flavonols such as quercetin and kaempferol. The largest amounts of quercetin were found in chokeberry wine. The obtained results correspond to tests conducted by Finnish authors which showed that chokeberry had the largest content of quercetin, followed by the blueberry, while the lowest amount was found in the raspberry [37] . Quercetin found in raspberry wine is one of the main flavonols in this fruit, which is in line with literature data [28] . One of the most predominant flavonols in cherry wine was quercetin which was confirmed to be present in cherry fruit as well [38] . Some flavonoids, including quercetin, have beneficial effects on human health, probably through inhibiting the oxidative modification of LDL by macrophages in vitro. The abovementioned compounds inhibit the formation of hydroperoxides and protect α-tocopherol present in lipoproteins from oxidation [39] . The cytotoxicity of oxidised LDL in vitro is inhibited by quercetin [40] . Minor amounts of kaempferol were only found in wine made from cherries without pits. The obtained kaempferol results are in conformity with literature data which show that it has not been found in chokeberry, blueberry or raspberry [37] . Flavonoids are natural constituents of food. Their positive effect has been demonstrated in the next study. A Dutch study [41] showed that relative risks of mortality from coronary heart diseases and first myocardial infractions in the group of study participants with the highest flavonoid intake was lower by 50% than in the group with the lowest flavonoid intake. This data suggests that dietary intake of flavonoids is very important. Red wine is a very rich source of flavonoids and it contains 10-20 mg/L [42] . It has also been observed that flavonoids reduce thrombosis by inhibiting cyclooxygenases [43] . In the conducted study, high antioxidant activity on LDL oxidation was also detected in catechin, quercetin, cyanidin and caffeic acid. Unfortunately, ellagic acid did not show any effects during the experiment [44] . In the same study, caffeic acid proved to be a stronger anti-oxidant in inhibiting LDL oxidation, in comparison to ellagic acid which had more free hydroxyl groups in its structure. The reason for this is the fact that antioxidant activity of flavonoids and phenolic acids may depend on the structural characteristics conferring differences in protein binding [45] . Table 5 confirm that blackberry wine with added sugar has the highest antioxidant value (FRAP corr = 103.90) while the lowest value was observed in raspberry wine with added sugar (FRAP corr = 18.04). Furthermore, it was demonstrated by DPPH test that blackberry wine with added sugar had the highest antioxidant activity (IC 50 = 1.20%) while the lowest activity was measured in apple wine without sugar (IC 50 = 83.33%). Lower IC 50 value indicates a greater antioxidant activity. DPPH scavenging activity of the analysed wine samples was attributed to the cumulative contribution of different compounds which possess bioactive antioxidant properties.
FRAP and DPPH test results
FRAP test results shown in
FRAP and DPPH test results clearly demonstrate that berry fruits have a high level of phenolic content and therefore stronger antioxidant activity. Table 5 shows that berry fruits with deep violet, dark blue and black colour (blueberry, black chokeberry and blackberry) have stronger antioxidant capacity compared to raspberries and apples. With increased alcohol content, the greater concentration of phenolic compounds is extracted and stronger antioxidant power of the obtained product is achieved, as represented in Fig. 3a . This is supported by the fact that values received from FRAP test are higher in the fruit wine samples where sugar was added to the fragmented fruit. The results of FRAP test (Table 5) show that wines made from fruits such as blackberry, blueberry, black chokeberry and cherry had a greater total antioxidant capacity than wines made from other fruits. After performed oneway ANOVA statistical analysis in wine samples without sugar added statistical significant difference was showed for FRAP values between all samples (p ˂ 0.05) except for blueberry and black chokeberry as well as for cherry without and cherry with pit (p ˃ 0.05). In wine samples with sugar added statistical significant difference was showed between all samples (p ˂ 0.05) except for blueberry and black chokeberry as well as for apple and cherry with pit (p ˃ 0.05). In connection with our results, Pellegrini et al. [46] showed that among 30 different fruits tested, the highest FRAP value was in the blackberry, while other high values were also present in the cherry and blueberry. Fruit origin and wine-making method extensively affect the content and composition of phenolic compounds present in the wine [47] . Phenolic content in the test samples is significant since phenolic compounds are important secondary metabolites exhibiting not only antioxidant activity, but anti-allergic, anti-inflammatory, antithrombotic, antimutagenic and antitumor properties as well. Moreover, cardioprotective and vasodilatation effects should not be neglected. Phenolic compounds also have considerable antimicrobial effects on a wide range of human pathogens [48] . There is clear clinical and epidemiological evidence proving that phenolic compounds are capable of reducing the risk of chronic non-infectious diseases in humans [49] . 
Total phenolic content
Based on the results obtained for the total phenolic content using Folin-Ciocalteau technique, Fig. 3b clearly demonstrates the correlation between the increased amount of sugar, therefore alcohol concentration in wine, and the increased amount of phenol compounds extracted, as expressed in gallic acid equivalents. In wines with higher alcohol content, the polyphenol content increases due to better extraction. [50] .
It can be seen from Table 5 that black chokeberry wine with added sugar has the highest total phenolic content when expressed in gallic acid equivalents (2414.61 mg GAE/L), whereas the lowest value was observed in apple wine without added sugar (584.28 mg GAE/L). After performed one-way ANOVA statistical analysis in wine samples without sugar added statistical significant difference was showed for total phenolic content values between all samples (p ˂ 0.05) except for blackberry and blueberry (p ˃ 0.05). In wine samples with sugar added statistical significant difference was showed between all samples (p ˂ 0.05). Authors Zheng and Wang [25] showed that chokeberry fruit had significantly higher total phenolic content than other berries. Among other fruit wine samples, the lowest total phenolic content was also observed in apple wine by authors Vasantha Rupasinghe and Cleggb [47] . Blueberry wine with added sugar has total phenolic content (2289.43 mg GAE/L), while blueberry wine without added sugar has (2234.46 mg GAE/L). Significantly high total phenolic content was proven in the study of blueberry antioxidant capacity [51] . The results for raspberry wine with added sugar were (1458.87 mg GAE/L), while without added sugar (1418.17 mg GAE/L). Results clearly show that total phenolic content is higher in wines made from black chokeberry and blueberry than raspberry. This is to be expected since small berries such as blueberries and black chokeberries, which possess a strong colour and higher proportion of tough skin, have stronger antioxidant activity than those with soft, thin skin and light colour such as raspberries and strawberries [5] . Total phenolic content of cherry wine samples (Table 5 ) is in agreement with the data found in literature [52] .
It can be seen from Fig. 4 that there is a linear correlation between total phenolic content and FRAP corr value (a) and a linear correlation between total phenolic content and FRAP tota l (b). Obviously, wine represents a complex composition of phenolic compounds so its antioxidant properties cannot be attributed to a particular compound alone but rather, they should be seen as a cumulative effect of many. Wine and plants used as food are a rich source of different phenolic antioxidants which interact to demonstrate synergistic protection against LDL oxidation [53] . However, it is important to distinguish which group of phenolic compounds is the most significant for estimating the antioxidant properties of wine. According to the authors Katalinic et al. [16] who conducted a study on grape wines, phenolic compounds derived from solid parts (seeds, skins, stalks) are extracted in wine during the maceration process, thus influencing antioxidant properties of the end product.
CONCLUSION
It can be concluded from our results that the analysed wine samples are a source of specific antioxidant phenolic compounds. Alcohol content is also a very important factor for better extraction of antioxidants in fruit wines. Antioxidant content in fruit wines depends on the type of fruit they are made from, cultivation conditions and wine-making techniques.
Regular intake of antioxidants through diet and especially from berry fruits has well documented health benefits. Phenolic content in the analysed samples proved to be significant since they are important secondary metabolites exhibiting not only antioxidant properties, but also other health benefits. Berries are a reservoir of minerals and water, and this is another reason for their particularly important role in nutrition. Phenolic and other compounds present in the wine showed synergistic and antagonistic effects which influenced antioxidant activity of berry or fruit wine. Various fruit wines are a particular source of phenolic compounds which, besides antioxidant properties, possess other important health benefits as well.
